The Babar and CLEO collaborations have recently observed states decaying to D 
I. INTRODUCTION
Over the last decade there has been considerable progress in our understanding of mesons, strongly interacting bound states of quarks and antiquarks. Mesons made of one heavy and one light quark have played an important role [1] . However the theoretical predictions have not been sufficiently tested by experimental data to say that we truly understand the strong interaction. This situation has recently been highlighted by the discovery of a state, the D * sJ (2317) + , with mass 2317 MeV decaying to D + s π 0 by the Babar Collaboration at the Stanford Linear Accelerator Center (SLAC) [2] and a second state, the D sJ (2463) + , with mass 2.463 GeV decaying to D * + s π 0 by the CLEO Collaboration at the Cornell Electron Storage Ring [3] . These states have also been observed by the Belle Collaboration at KEK [4] . The D * sJ (2317)
+ was observed in the inclusive D + s π 0 invariant mass distribution [2] . The state has natural spin-parity and the Babar collaboration suggest it to be a J P = 0 + state based on its low mass. The quantum numbers of the final state indicate that the decay violates isospin conservation. The simplest interpretation is to identify these states as the missing j = 1/2 members of the cs L = 1 multiplet where j = 1/2 is the angular momentum of the s-quark. The observation of these states is surprising because they are narrower than expected, are observed in isospin violating D s π 0 and D * s π 0 final states, and are lower in mass than expected by most (but not all) calculations [5, 6, 7, 8, 9, 10, 11, 12, 13, 14] . The Babar and CLEO observations have led to conflicting interpretations. Although the observed mass for the D s0 candidate (the J P = 0 + member of the ground state L = 1 cs multiplet) is consistent with some predictions of chiral quark models [14, 15] in which broken chiral symmetry views them as the positive-parity partners of the D s and D * s states, it is considerably lower than expected by most quark models [5, 6, 8, 9, 11] and lattice QCD calculations [12, 13] . This has led to considerable interest [16, 17, 18, 19] including the proposal that the D J (2317) + is a multiquark state [20, 21] , possibly a DK molecule analogous to the KK interpretation of the f 0 (980) and a 0 (980).
In this letter we confront the cs L = 1 D * s0 and D s1 interpretations of these states with the theoretical expec-tations for conventional cs states.
II. SPECTROSCOPY
Mass predictions are an important test of QCD motivated potential models as well as other calculational approaches for hadron spectroscopy [5, 6, 7, 8, 9, 10, 11, 12, 13, 15] . In QCD-motivated potential models the spindependent splittings test the Lorentz nature of the confining potential with different combinations of Lorentz scalar, vector,. . . interactions [5, 6, 7, 8, 9, 10, 11] . Furthermore, the observation of heavy-light mesons is an important validation of heavy quark effective theory [22, 23] and lattice QCD calculations [12, 13] . In Table I we summarize predictions for the P-wave cs states. The two J = 1 states are linear combinations of 3 P 1 and 1 P 1 because for unequal mass quarks, C is no longer a good quantum number. We label these as the D Most, but not all, models predict the masses of the D * s0 and the missing D 1 state to be substantially higher than the masses reported by Babar [2] and CLEO [3] . Although it is possible that these models need revision it seems unlikely that they would disagree with experiment to such a large degree given their general success in describing the meson spectrum. A more serious problem is the large discrepancy with lattice QCD calculations which give M (D * s0 ) = 2499(13)(5) MeV and M (D s1 )=2500(16)(2) MeV [12] . If the D * sJ (2317) + and D sJ (2463)
+ are identified as the missing 3 P 0 (cs) and P 1 (cs) states it would pose a serious challenge for the lattice calculations.
Quark model calculations [6] and heavy quark symmetry [22] predict that the 4 L = 1 cs mesons are grouped into two doublets with properties characterized by the angular momentum of the lightest quark, j = 1/2 and j = 3/2. The j = 3/2 states are identified with the previously observed D s1 (2536) ± and D sJ (2573) ± states [24] while the j = 1/2 have not previously been observed. The j = 3/2 states are predicted to be relatively narrow [6] , in agreement with experiment [24] . In contrast, assuming the higher masses predicted by the quark model, the j = 1/2 states are expected to be rather broad, decaying to DK and D * K respectively with large S-wave widths. The large width is presumed to explain why they have yet to be observed. However, if these states are identified with the recently observed D * sJ (2317) and D sJ (2463) states their masses would be below the DK and D * K thresholds so that they would be quite narrow, especially for mesons with such high mass.
III. RADIATIVE TRANSITIONS
While masses are one test of models of hadrons, transitions probe the internal structure of the state. Comparison between theory and experiment of the branching ratios is an important test of any assignment for a The E1 radiative transitions are given by
where S if is a statistical factor with S if = 1 for the transitions between spin-triplet states, D 
where e c = 2/3 and es = 1/3 are the charges of the c-quark and s-antiquark given in units of |e|, m c = 1.628 GeV, m s = 0.419 GeV are the mass of the c and s quarks taken from Ref. [5] , α = 1/137.036 is the finestructure constant, and ω is the photon's energy. The matrix elements S|r|P , given in Table II , were evaluated using the wavefunctions of Ref. [5] . Relativistic corrections are included in the E1 transition via Siegert's theorem [25, 26, 27] by including spin dependent interactions in the Hamiltonian used to calculate the meson masses and wavefunctions. To calculate the appropriate photon energies the PDG [24] values were used for observed mesons while the predictions from Ref. [5] were used for unobserved states with the following modification. While splittings between cs states predicted by Ref. [5] are in good agreement with experiment the masses are slightly higher than observed so to give a more reliable estimate of phase space, the masses used in Table II have been adjusted lower by 18 MeV from the predictions of Ref. [5] . For the D * s0 and D s1 states we give one set of predictions using the Babar and CLEO masses and a second set of predictions using the quark model mass predictions of Ref. [5] .
A final subtlety is that the J = 1 states are linear combinations of 3 P 1 and 1 P 1 because for unequal mass quarks, C is no longer a good quantum number. Thus,
we use θ = −38 o and the conventions of Ref. [6] in calculating the widths in Table II which include the appropriate factors of cos 2 θ and sin 2 θ as appropriate. The resulting widths are given in Table II .
In addition to the E1 transitions the M 1 transitions D s1 → D * s0 γ can also take place. However, we found these partial widths to be quite small and unlikely to be observable.
IV. STRONG TRANSITIONS
The transition D * s0 → D s π 0 is expected to be quite small as it violates isospin. Athough there are a number of theoretical predictions for hadronic transitions between quarkonium levels [29, 30, 31, 32, 33] 0 transition is a P → S transition with the final states in a relative S-wave so there are wavefunction effects we have totally ignored in addition to a generally cavalier attitude to kinematic factors. All we have attempted to do is establish the order of magnitude.
A more relevant starting point is the transition h c ( 1 P 1 ) → J/ψπ 0 which is a P → S spin-flip transition which proceeds via the E1 − M 1 interference term in a multipole expansion of the gluonic fields, similar to the 3 P 0 → 1 S 0 transition we are attempting to estimate. Ko estimates Γ(h c → J/ψπ 0 ) ≃ 2.5 keV [33] . This transition is related to the transition ψ ′ → h c π 0 [30, 33] for which Ko [33] obtains
−3 so that we should assume a factor of 3 in uncertainty. These transitions are proportional to the pion momentum so that by rescaling the estimate of Γ(h c → J/ψπ 0 ) we find Γ(D * s0 → D s π 0 ) ≃ 2 keV. There are two important uncertainties in this estimate. The first is that the matrix elements are proportional to S|r|P . Using the wavefunctions of Ref. [5] we find 1 3 P 0 |r|1 1 S 0 cs / 1 3 S 1 |r|1 1 P 1 cc = 1.1. The second uncertainty is that the matrix elements are O(α s ) so that the ratio of the widths go like (α s (cs))/α s (cc)) 2 which, given that the relevant energy scale is the light quark mass, could contribute an additional factor of 4 in the width. Given these uncertainties we estimate that Γ(D * [33] we estimate Γ(D s1 → D s ππ) ≃ 1.6 keV. The resulting partial widths and branching ratios are summarized in Table II. For comparison we also include in Table II s1 → D * K with large partial widths. Although there is considerable uncertainty in the estimate of these widths [6, 35] we do expect the D * s0 and D
1/2
s1 states with these masses to be rather broad with small branching ratios for the radiative transition. These decays are S-wave so the widths scales linearly with the decay products momentum.
For completeness we also include in Table II + lies just below the DK threshold while the f 0 (980)/a 0 (980) lie just below the KK threshold and both couple strongly to these nearby channels. This explanation has been promoted by Barnes, Close and Lipkin [20] and is supported by a recent dynamical calculation by van Beveren and Rupp [21] . Likewise, the D sJ (2463) could be a D * K bound state similar to the K * K molecule interpretation advocated as the solution to the longstanding E/ι puzzle [36] .
VI. CONCLUSIONS
The discovery of the D * sJ (2317) + and D sJ (2463) has presented an interesting puzzle to meson spectroscopists.
The Babar and CLEO collaborations believe that they may be the missing J P = 0 + and 1 + members of the L = 1(cs) multiplet. However their masses are significantly lower than expected by most models and also lattice QCD calculations and would pose a serious challenge to these calculations. states have yet to be discovered, presumably due to their large width. However, observation of their non-strange partners by the Belle collaboration [37] with their expected properties leads us to be hopeful that they can be found. 
